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ABSTRACT

Selected chemical, physical and biological parameters were deter

mined for a man-made lake, Beaver Lake, on the White River of Arkansas
and Missouri.

The research program determined the qualitative and quanti

tative aspects of the temporal and spatial distribution of the algal sub
communities.

It was determined that the epipelic, epilithic, epizooic

and metaphytic subcommunities had little influence on the euplanktonic

subcommunity.

The relationship between the qualitative and quantitative

analysis of the biochromes chlorophyll-a, -b, and -c and the phytoplankton
species clustered into biochrome sets is discussed.

The temporal and spatial distributional patterns of temperature,
oxygen, ammonia-N, nitrate-N, orthophosphate-P and silicates are des

cribed in parallel with the biological parameters.

These data are related to land use practices on the two major feeder
streams.

One source is influenced by agricultural runoff and the other

by suburbinization plus a sewage outfall from a small city.

The effect

of the transition from riverine to lentic conditions are also considered.

Phase I portion of the Beaver Lake study included the selection of

sampling sited, review of research protocol, the contribution of various
algal subcommunities and analytical data of selected collection sites from

late winter (February) until mid summer (July).

This report, Phase II,

concludes the complete annual collection of phytoplankton and associated
physical and chemical parameters from all sites with an analysis of the
interaction between physiochemical parameters and the succession of
phytoplankton.

The final phase (III) will emphasize the analysis of data

for specific interactions and the development of K values for biochrome to

iii

phytoplankton assemblage density.

Descriptors
Phytoplankton, Reservoirs, Man-made Lakes, Arkansas, Algae, Chloro
phyll, Effluents, Eutrophication, Ammonia, Nitrate, Phosphate.
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BIOCHROME ANALYSIS AS A METHOD FOR
ASSESSING PHYTOPLANKTON DYNAMICS
PHASE II

INTRODUCTION

Physical, chemical and biological inputs into an aquatic ecosystem

are integrated at each of the trophic levels.

The trophic level which

is most sensitive and responsive is that occupied by the primary pro

ducers.

The organisms occupying the primary position of energy incorpor

ation and nutrient uptake are algae.

The algae, with their short genera

tion time, their dependence upon dissolved nutrients and energy derived
from solar influx, integrate all of the various inputs and sensitively

reflect the interaction of the parameters by their qualitative and quan
titative response.

This response is expressed in the taxonomic composition

of the assemblage and the population size.
In the reported research certain physical and chemical parameters

have been selected to be considered with phytoplankton composition and

abundance.

The qualitative and quantitative aspects of the phytoplankton

have been assessed by two methods.

The more tedious method of actual

enumeration of each sample to determine the species present and its
abundance plus the total number of cells and/or organisms per unit volume.

An alternate method was employed which utilized the presence of charac
teristic biochromes or biological pigments.

Each major taxon of algae

contains characteristic combination of biochromes by which the taxon can

be identified.

Many of these pigments function as enzymes in the photo

synthetic pathway.

These biochromes can not only be used to identify

the types of algae present in the ecosystem but their concentration reflects

the abundance of the standing crop.

Changes in concentration of the

various biochromes is a reflection of change in phytoplankton population
size and structural relationships.
In addition to providing a rapid method for assessing the standing

crop at a point in space, the method has been applied to a temporal and
spacial sampling protocol which will provide insight into population

dynamics.

The aquatic ecosystem tested, Beaver Lake, contains a unique

configuration and diverse land use patterns.

The reservoir has two

primary sources which converge near the upper end to form a transition

zone that leads to the main lake.

One source is suburbanized and

receives the outfall of a secondary sewage treatment facility, the White
River.

The alternate source drains typical second growth forest and

agricultural lands, War Eagle Creek.

Below the confluence of the streams

the velocity decrease, resulting in a transition from lotic to lentic
conditions.

A large true lake occupies approximately one-half, the

total length (Fig. 1).

According to Bennett (1970) the retention time

for the 40 mile lake portion is greater than 10 months, the 20 mile
transition zone 2+ months and the 20-40 mile long streams less than one

month.
A research program was developed to determine the physical and chem

ical parameters associated with the phytoplankton.

The protocol included

vertical, horizontal and chromological sampling in each of the major

components in order to determine the spacial and temporal distribution
of the phytoplankton with associated parameters.

divided into three distinct phases.

The protocol has been

Phase I included site selection,

replicate sampling to determine analytical error, qualitative examina
tions to verify the identity of algal species, and studies to ascertain
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Figure 1

Location of Collection Sites
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which plankters were derived from the peiphytic, epipelic and epilithic
subcommunities.

After these initial studies, samples were collected at

selected sites from late winter (February) to midsummer (July).

These

data have been previously reported by the author (Meyer, 1974).

The

second phase (II) consisted of completing the annual collection of phyto
plankton and chemical and physical data from all sites.

are reported in this publication.

These results

The final phase (III) will emphasize

the analysis of the data for specific interactions and guidelines for the
application of research results.

4

MATERIALS AND METHODS

The materials and methods applied are identical to those described

for Phase I except for ammonia-N analysis (Meyer, 1974).

In the earlier

phase of the study the Nessler's reaction as described in Standard Methods
(A.P.H.A., 1971) was used to determine filterable ammonia-N.

In this

second phase the Orion selective ion electrode and 407A meter were used
to determine ammonia activity of whole water samples.

All physico-chemical data and phytoplankton counts are stored on

computer cards.

All displays and calculations were made with the aid of

an IBM 370/15 computer.
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OBSERVATIONS, RESULTS AND DISCUSSION

The second phase of sampling on Beaver Lake continued the collection
of data at the previously selected sites.

Intermitently samples were

collected from additonal locations and from subcommunities other than
the euplanktonic subcommunity.

These additional collections only further

substantiated the observations presented in the Phase I report (Meyer,
1974).

Physico-Chemical Parameters (Figs. 2-8)
Water quality studies conducted during the summer through fall to

winter succession of phytoplankton assemblages involved the measurement
of temperature and oxygen in situ.

Water for additional chemical and

biological analysis was transferred to the laboratory for specific deter

minations.

The results of these analysis are given in Appendixes I and II.

physiochemical and phytoplankton data respectively.
The thermal profiles of the first collecting period, 1 August 1973,
in the second phase of the study are nearly identical to the last collec
tion profiles, 11 July 1973, in Phase I.

The lake, transition zone and
o
feeder stream remained stratified with a thermal maxima of 28-29 near
the surface (Fig. 2).

meters.

The epilimnetic layer extended down to about 7
o
The metalimnetic transition is coincident with the 25 isotherm.

The bottom water at Prairie Creek continues to warm slowly from the May
o
minimum; however a temperature difference of 16.8 exists between surface
The entire lake remained stratified during September,
o
however the epilimnion cooled rapidly. The 25 isotherm expanded until

and bottom water.

it occupied the 9 to 1 meter layer and included the surface in the streams

by early September.

The hypolimnion continued to increase in temperature

6

Figure 2

Temporal-Spacial Distribution of Water Temperature (0°C)
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while the epilimnion cooled.

The cooler hypolimnetic water in the lake

was gradually displaced by a warmer water influx from the rivers.

This

displacement of hypolimnetic water is the result from a gradual underflow
from both War Eagle Creek and the White River during late September.

With

the onset of the autumnal rains the feeder stream profiles become oblique
and in certain instances nearly vertical.

These plug flows of cold water

underflow the thermocline to re-establish a well developed stratification
within the lake but at reduced temperatures.

The epilimnion-metalimnion

transition is at the 19° isotherm in mid October.

The fall flood water

from the streams upset the thermal stratification and rapidly replaced the
water in the upper lake basin.

The reduction in temperature may be partial

ly accounted for by a general loss of heat from the entire system because
of reduced insolation.

The December and January temperature profiles re

flect seasonal heat losses and the effect of cold water flowthrough.
Typically the individual sampling stations are isothermal however a hori

zontally distributed isotherms develop.

The streams contain the minimum

temperatures (2°) with a increase progressively down lake to about 6° by
PCK station.

The more or less vertical thermal profiles suggest that the

water gains heat as moves down lake.

The vertical patterns may either be

the results of total displacement by plug flow or flow plus vertical mix
ing.

Simple diffusion probably could not account for isothermal conditions

to depths of 35 meters.

Certain chemical parameters, alkalinity, nitrate-

N and silica, support either the plug flow or flow plus mixing mechanisms.
However, oxygen, orthophosphate-P, ammonia-N are independent of the thermal

regime.

The distribution of these parameters suggest that flow and mixing

are not important factors but some alternate mechanism/s are involved.

By mid February the entire upper lake-stream portion of the reservoir
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begins to stratify.

This stratification may be caused by the increased

stream flow resulting from warm rains.

The surface waters temperature begin

to increase rapidly with increasing insolation and warming rains in February
and March.

The March 1974 profils are similar to those reported the pre-

ceeding year (Meyer, 1974).
Oxygen distribution in the streams, transition zone and upper lake
closely paralleled the thermal profiles (Fig. 3).

and January was a major deviation observed.

Only during December

Although the vertical and

horizontal profiles of temperature and oxygen concentration are similar
there is not a direct correlation between the two parameters.

The oxygen

distributional patterns tend to be more stable than the temperatures.

In

September and October when the system is cooling rapidly oxygen levels
remain stable.

This suggests that the distribution of oxygen is not solely

dependent upon physical factors but is strongly influenced by net production
from the phytoplankton.

The system may become strongly stratified long before an anoxic zone

develops in the hypolimnion.

As previously reported (Meyer, 1974) strat

ification begins in March with a pronounced layering.

These lamina may be

partially disturbed by the influx of spring flooding but are quickly re
established.

The anoxic layer originates in the streams in late June,

slowly progress through the transition zone during July and finally en

croaches into the lake by September.

The anoxic water progresses down

the streams and through the transition zone as an under flow.

As it enters

the lake a component extends forward along the meta-hypolimnion interface
producing an interflow which separates oxygenated hypolimnetic water from

epilimnion.

This oxygenated hypolimnetic water is eventually displaced

at the Prairie Creek station by the down stream movement of the anoxic
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Figure 3.

Distribution of Oxygen by Site, Depth and Data (mg/1)
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underflow in late August.

The entire study area maintains an anoxic

hypolimnion until the end of October.

Oxygen reutrns to all depths by

November probably as the result of generalized decrease in density dif

ference and the increase in flow. The
concurrent temperature profiles.

December profiles approximate the

In January, however, the low light

adapted winter phytoplankton population produces an excess of oxygen with
in the photic zone resulting in concentrations as great as 15.9 mg/1.

The photosynthetic activity produces in supersaturated conditions near

the surface.

Saturation values ranged from 105 to 120%.

The maximum

concentration of dissolved oxygen is during the months of January and

February, the period of minimum temperatures and respiration.

Oxygen

increases in concentration at all depths with increasing flow and insolation.

The previously published pH information was further supported by the
analysis during Phase II (Meyer, 1974).

The pH tended to be circummentral

with infrequent pertulations below 6.5 and above 7.8.

During this phase

the reported alkalinity values are bicarbonate alkalinities only since
the pH did not exceed 8.3.

As observed in the earlier Phase I study the

transition zone and lake contain relatively stable bicarbonate distributions.
Most of the dynamic changes occurred near the confluence of War Eagle

Creeks and White River.

During the autumnal period the bicarbonate con

centrations increases with depth in both the streams and transition zone

(Fig. 4).

These increases appear to be the result of packets of water

moving along the stream bottom and slowly encroaching into the lake.

The

epilimnetic concentrations are probably influenced by biological activity

in the euphotic zone.

The distributional patterns of alkalinity is com

plimented by those of nitrate-N, ammonia-N and orthophosphate-P,

The

late fall and winter distribution contours suggest a period of destratifi-

Figure 4.

Spaciotemporal Distribution of Total Alkalinity (as mg/l Ca CO3)
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The profiles, however, are independent of the thermal patterns.

cation.

Alkalinity approaches a nearly vertical profile in early November while it

is still thermally stratified.

Conversely, thermal stratification returns

by mid February however this is not reflected in the alkalinity values.

Further investigation may clarify the divergence in distributional patterns.

Specific emphasis might be given to the phytoplankton since they are capable
of incorporating the bicarbonate ion as their carbon source.
The alkalinity values observed during Phase II were usually within

the range reported by Mullan and Applegate (1965) of 30-100 mg/1.

This

range has, however, been extended with values down to 18 mg/l in the upper
White River in March 1973 (Meyer, 1974).

The upper limit was expanded to

112-114 mg/1 in the lower War Eagle Creek and White River, respectively.
The distribution of alkalinity within the streams and transition zone is

influenced by flow characteristics, stratification, seasonal factors and

possibly phytoplankton activity.

The "true lake" or Prairie Creek station

appears to be independent of the upper lake activities.

The concentration

of bicarbonate alkalinity appear to be intimately associated with biological
activity.

Future productivity studies should confirm these observations.

Mullan and Applegate (1965) and Bennett (1970) reported widely diver
gent mean values of orthophosphate.

These differences may have been a re

flection of their analytical procedures and the maturation of the reser

voir.

Meyer (1974) persented the initial information concerning the

spacial and temporal distribution of filterable orthophosphate.

This

fraction of the phosphorus complex is included in this report since it is

the fraction which is immediately available for algal growth.

The multiple

sources of orthophosphate, including subsurface perculation, suburban run

off, septic tank outflows, various agricultural activities and municipal
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sewage inflow, produces a complex series of diffuse and point inputs.

The distribution of available orthosphosphate is further modified by flow

characteristics, stratification patterns, chemical interation, plus the
physiology and density of the phytoplankton assemblage.

The only recognizable

phosphorus source appears to be the municipal sewage facility.

War Eagle Creek and the White River drain basins with similar edaphic
characteristics.

They differ in that the White River receives the inflow of

the City of Fayetteville sewage facility.
only to the secondary level.

The treatment process is carried

After intense rains the facility may be over

taxed and the secondary treatment process is incomplete before release
into the receiving stream.
In the previous phase I study a maximum of 220 ug/1 was reported from

the Water Works station in March 1973.

This is exceeded by a inflow of

White River water containing 361 ug/1 orthophosphate-P in late September.
This inflow, as others, are apparently associated with the operational

procedures at the sewage treatment facility.

During periods of stratification

these packets of phosphate rich waters tend to progress along the bottom

beyond the Water Works station.

However, no observable impact was noted

at the Prairie Creek station.
In the epilimnic and euphotic zones the filterable orthophosphate-P
gradually decline to the minimum of less than 10 ug/1 in July (Meyer, 1974).

The concentrations rapidly increase to a plateau of ca. 30 ug/1 by the first
of August (Fig. 5).

The concentrations remain stable in the lake transition

zone, and War Eagle Creek until the end of the year.

As previously mentioned

the quantity of orthophosphate in the White River is strongly influenced
by the sewage treatment facility activities.

The summer-fall assemblage of

phytoplankton apparently does not require large amounts of phosphorus in

14

Figure 5.

Distribution Patterns of Filterable Orthophosphate-P (ug/1)
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order to support the densities observed.

An inverse relationship between

orthophosphate-P and phytoplankton density was observed during December.

From November to January the temperatures are falling rapidly, insolation

is reduced and the plankton is undergoing succession from the atumnal to

the winter assemblage.
decreases to a minimum.

During this time interval the density of algae
Parallelling the decrease in phytoplankton abundance

the orthophosphate concentrations increase.

It appears that the nutrients

supplied by the White River are not incorporated and that the excess enters

the lake.

With the development of the winter phytoplankton assemblage the

phosphorus decreases to below detectable levels.

The winter diatom population

has an apparent large requirement of phosphorus per cell.

Although the

abundance of phytoplankton increases only slightly the concentrations

of orthophosphate-P drop precipitously.

This chemical species was only

above the detectable limit, 2 ug/1, in the upper White River.

The inflowing

phosphate was quickly utilized by the plankton and results in the rapid

development of surface blooms in the vicinity of the Friendship Creek
Station.

The occurence of bloom down stream from the nutrient input is a

reflection of the growth dynamics of the population and stream flow.

The application of various analytical procedures prohibits the comparison
of historical data with the present study.

applicable to the analysis of ammonia-N.

This difficulty is particularly

The distinction between filterable

and "raw" ammonia-N was previously discussed by the author (Meyer, 1974).
In this study the specific ion probe was employed.

Specific ion probe and

"filterable" ammonia values are closely correlated, therefore the information

contained in the Phase I report is compatable with the present data.
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The ammonia-N data from Phase II continues to support the concepts

put forth in Phase I.

These data indicate that the inflows from the drainage

basins, both War Eagle Creek and White River, are the major sources of ammonia-N

(Fig. 6).

The origin of the ammonia-N cannot be totally assigned to the

sewage treatment plant since both rivers frequently contain nearly equal
concentrations.

This suggest that ammonia-N is from a terrestrial origin

and enters the system through surface and subterranian inflows.

A comparison

of the temperature profiles (Fig. 2) and the ammonia-N profiles indicates

the degree of independence between thermal stratification and ammonia-N
distribution.

The 20 August, 8 September, 12 December and 14 February

profiles clearly demonstrate the independence of these parameters.

In

general, however, the highest concentration occur in the autumn as the lake
begins destratification.

These higher concentrations, ca. )2.5 mg/l, may

be the result of underflow accumulations, lack of utilization by the phyto
plankton and some anaerobiosis.

The vertical distribution of phytoplankton,

with active organisms in the euphotic zone, may strongly influence the
concentrations of this nitrogen source.

One would expect the ammonia-N

concentration to be inversely proportional to the physiologically active
phytoplankton population.

These active organisms produce major densities

which occur within the upper levels of the euphotic zone.

This active

population would produce the observed vertical distribution as a result
of its physiological processes.

Some anaerobic bacterial production of

ammonia-N cannot be ruled out, however, it cannot be considered the sole

source as has been suggested by Gearheart (1973) and Bennett (1970).

It should be noted the concentration of ammonia-N continues to decrease
into the winter even though the biotic community is greatly reduced in
abundance.

These low concentrations, 0.01 mg/l, may be ascribed to the

efficient uptake by the standing crop or the dilution effects of the

17

Figure 6.

Temporal-Spatial Distribution of Ammonia-N (mg/1)
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With a change in standing crop composition this

winter rains or both.

nitrogen source may decrease or increase in concentration.

Ammonia-N

levels begin to increase in late winter during the development of the

diatom assemblages.

Apparently ammonia-N is not as important in diatom

nutrition as was orthophosphate-P.

The Spaciotemporal distribution profiles of nitrate-N are similar
to those of ammonia, orthophosphate and alkalinity during the late

summer through autumn period (Fig. 7).

This is in contrast to the

earlier spring-summer period (Phase I) in which orthophosphate and ammonia
were converse to the nitrate distribution.

The nitrate-N throughout most

of the sampling period showed an inverse clinograde distribution with a

concentration greater than 1 mg/l near the bottom.

This distribution was

modified by influx of nutrient from the streams, eg. White River, 19 October
and 7 November.

During the winter the concentrations were strongly

influenced by flooding.

Similarily Bennett (1970) noted that nitrate

concentration fluctuated with the amount of rainfall and runoff.

The

winter phase is very unstable from December through February and is
strongly influenced by flow.

The spring profiles vary greatly because of

plug, inter-, over- and underflows, in War Eagle Creek, on 14 February a

plug is evident at WEI and a overflow at HPT, a combination of both

interflow and underflows were discovered in the White River at WTR and
BSP respectively.
Mullan and Applegate (1965) reported silica with a median value of

4.4 mg/l and a range of 0.3-8.2 mg/l when the reservoir was initially
impounded.

Jorgensen (1959), Meyer (1970) and others have noted that

seasonal variations in silica concentration was directly correlated with

the abundance of diatoms.

As previously suggested (Meyer, 1974), the
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Figure 7.

Temporal-Spatial Distribution of Nitrate-N (mg/l)
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silica cycle in Beaver Lake appears to be intimately associated with
flooding and silt loading.

The effect, however, may be only associated

with the upper portions of the reservoir and not the true lake segment.
An inverse clinograde silica distribution is maintained throughout

the stratification period (Fig. 8).

The concentration gradually decreases

from the values reported in Phase I (Meyer, 1974), ca. 6 mg/l in June, to

The decline is associated with the increased density

1-2 mg/l in October.

of the summer-fall diatom-cyanophyte phytoplankton complex.

With the

disappearance of this population and the onset of the autumnal rain

with resultant increased flow, the silica concentrations increase to
6-8 mg/1 with a nearly homogenous distribution throughout the stream

A minimum silica concentration of

and transition zone, eg. 15 January.

0.67 mg/1 was recorded from the Prairie Creek station in August.

The

occurrence of minimum at this station may have resulted from an
interdigitation of lower lake water and may reflect the different

dynamics of the true lake and upper lake-transition waters.

Phytoplankton (Fig. 9)
The algae of upper Beaver Lake are greatly influenced by current

flow and flooding.

These dynamic conditions produce effects which can

modify the potential for algal growth.

This rapid influx of water into

the stream as well as into the transition zone may transport slugs of
unincorporated nutrients or reduce nutrient concentration by dilution.
The new inflow frequently has a similar dramatic impact on the

phytoplankton population by the sudden change of ambient conditions.
These inflows in certain instances may reduce population density by
dilution.

In addition, the inflowing water usually contains an increased
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Figure 8.

Spaciotemporal Distribution of Silica (mg/1)
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silt load which effectively reduces light penetration.

Increased

turbidity decreases the depth of the photic zone as well as intensity and
the associated turbulance may transport the organism to greater
depth below the photic zone.

The reduction in phytosynthetic capacity

because of reduce insolation and changes in various physico-chemical
parameters effectively decreases the production rate of the standing crop.

The phytoplankton standing crop attains its maximum density of 23

million cells/l on 16 May, 1973 near the surface at Hoffman's Point on
War Eagle Creek.

This maximum was the result of a bloom of the green

flagellate Pandorina morum; the largest recorded during the study.
Abundances of the blue-green algae pulse did not attain this magnitude.

The summer population of Microcystis, a bluegreen algae, expanded

from its river origin to the entire upper lake (Fig. 9).

On August 1,

1973 the river phytoplankton assemblage was dominated by Microcystis
combined with an admixture of coccoid green algae and cryptomonads
plus Oscillatoria.

Within the transition zone and lake the greens and

cryptomonads were replaced by remanents of the preceding assemblage.

The remanent was primarily the diatoms, with Synedra ulna as the principal

component.

These various assemblages occupied the epilimnetic layer and

euphotic zone.
rain.

The lower depths only contain survivers of the plankton

The spacial distribution of organism on August 20 was identical

to the earlier collections.

The major change was the expansion of the

Microcystis population and the disappearance of a significant diatom
component.

The river assemblage contained additional members of the

blue-green algae, strengthening the dominance of the taxon.

Both

Oscillatoria and Spirulina were found to be important at WEC and HPT

station on War Eagle Creek and FCK and WTR on the White River.
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In each

Figure 9.

Distribution of Algae by Site, Depth and Data

(cells x 106/l)
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instance the filamentous algae tended be vertically stratified with

the greatest abundance at 5 to 7 meters.
maximum developed near the surface.

Conversely, the Microcystis

The uppermost stations, WEI and ANG,

contained the basic assemblage previously observed with the addition
of various euglenoids.

The samples collected in September represent

the time of greatest dominance by the blue-greens, particularily

Microcystis.

The greatest number of cells was found near the Water

Works (WWK) intake towers on September 8, this population exceeded
15.8 million cells/l.

The upstream stations retain the green-

cryptomonad-Microcystis assemblage with reduced concentrations of
Spirulina and Oscillatoria.
river stations.

Centric diatoms were noted at the uppermost

The general reduction in numbers continues during the

transition period of October through November.

This period of gradual

change contains a mixed population of summer dominants, the typical
residents and the initators of the winter assemblage.

Remanents of

the Microcystis population and certain of the colonial coccoid greens

remain, however, Spirulina and Oscillatoria have disappeared.

This

diffuse population is scattered throughout the study area without
pronounced vertical stratification.

The everpresent cryptomonads,

Cryptomonas erosa and Chroomonas acuta, increase in number and importance.

Filaments of the centric diatom Melosira granulata and a centric
unicell Cyclotella are present.

The filamentous form is more common in

the open water while the unicells is more abundant in the streams.

The

populations of bluegreen and green algae colapse and a winter assemblage
of cryptomonads and centric diatoms emerges.

This assemblage is

dominant in all parts of the system from December to March.

In mid

February a temporary chrysophyte population develops along the surface
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in the streams and transistion zone.

These Chrysophyceae are represented

by Synura petersenii and several Dinobryon species.

Stephanodiscus ,

a centric diatom which was a significant contribution to the transition

flora, had the same ephemeral appearance.

By late March the succession

of assemblages begin to follow the sequence reported in the Phase I study.

The cryptomonads and diatoms are significant contributors to the
phytoplankton assemblages of upper Beaver Lake at all seasons.

The

streams, however, are the source of most of the more temporary
phytoplankton members.

The green, euglenoid and blue-green components

first appear in the upper streams and extend via the current into the

transition zone and lake.

The diatoms and cryptomonads as permanent

resident describe pattern of abundance associated with minimum levels

of the physical parameters and apparently are not limited by chemical
factors.

The appearance growth and senescence of other component

species is probably the product of the interaction of physical, chemical
and biological parameters.

As previously discussed with each of the physico-chemical parameters,
phytoplankton densities are not directly or indirectly correlated with

a single parameter.

The physiological requirements of the species

present within the succession of assemblages may have selective
requirements which determine its presence.

Utilization of a specific

nutrient by the phytoplankton assemblage may have a profound effect

upon the distribution of the chemical species.

Thus a causitive

association between selected species complex and physio-chemical

parameters will require further statistical analysis, ie. Phase III.
In general, however, the largest standing crops of phytoplankton
developed in the upper reaches of the impoundment.
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The stream with the

numicipal sewage treatment facility tended to contain the greatest densities.

Biochromes (Figs. 10-12)
The estimation of phytoplankton biomass by pigment analysis has been

summarized by Strickland (1965) and discussed by Meyer (1971, 1974).

This

research and the earlier works by the writer demonstrate that the
biochromes can be used to characterize phytoplankton assemblage
structure.

This approach is primarily descriptive but may be further

refine to provide an index of density of the standing crop.

The biochromes analyzed were chlorophylls-a, -b and -c.

Chlorophyll-a

is the reactive photosynthetic pigmented enzyme while chlorophylls-b
and —c function as accessory shunt systems.

These latter pigmented

enzymes are restricted to specific flora while chlorophyll-a is present in

all autotrophic algae.

The green algae, including the Chlorophyceae,

Conjugatophyceae and Euglenophyceae have chlorophyll-b associated

with chlorophyll-a.
Beaver Lake.

Only the former and latter taxa are important in

Chlorophyll-c has been reported from the Chrysophyceae

(golden brown), Cryptophyceae (cryptomonads), Pyrrhophyceae (dinoflagellates)

and Bacillariophyceae (diatoms).

The dinoflagellates are rarely

significant in the Beaver Lake ecosystem.

The blue-green algae or

Cyanophyceae lack the accessory chlorophylls and only contain chlorophyll-a.
The absence of or reduction in concentration of accessory chlorophylls

indicates a dominance of the phytoplankton assemblage by cyanophytes.
The presence of the green algae, desmids and euglenoids is indicated

by the concentrations of the biochrome chlorophyll-b.

The occurrence

of diatoms, cryptomonads, dinoflagellates and golden brown algae is

marked by Chlorophyll-c.
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The isopleths of algal density and chlorophyll-a is similar.

Some

differences are observed in the concentrations of pigment per cell as the
species composition of the phytoplankton assemblage varies.

Certain

species are shade adapted thus will increase the pigment concentration
as light levels decrease.

Conversely, in non-shade adapted organisms

pigment concentration is directly related to light intensity below
a certain threshold level.

The

physiological state of the organisms

and/or succession phase of an assemblage may result in divergent

phytoplankton abundances to biochrome ratios.
The isopleth representing the concentration distribution of

Chlorophyll-a (Fig. 10) are closely resemble those for the abundance
of phytoplankton (Fig. 9).

The chlorophyll-a patterns in the upper

10 meters probably could be translated directly into approximate

phytoplankton abundances with the appropriate conversion factor for

specific assemblages.

The standing crops in the 0-1 meter interval

may be underestimated as the result of photoinhibition of chlorophyll

This usually results in the

synthesis by high light intensities.

maximum concentration of chlorophyll occurring between the 1-3 meter
depth interval under static conditions; as demonstrated by subsurface

peak at WEC during August and September.

occur near surface only during the summer.

Photo inhibition would only
Shade adapted organisms,

including those growing at the lower limits of the euphotic zone and

winter populations may contain a disproportionate quantity of chlorophyll
per cell.

The biochrome technique would easily detect these populations

but would overestimate abundance.

A subsurface assemblage of cryptomonads

and euglenoids observed during August are recorded in biochrome profiles.

The multistored diatom population which developed at the PCK station
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Figure 10.

Spaciotemporal Distribution of the Biochrome Chlorophyll a (ug/l)
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(29 September) are easily detectable with the method.

The transition

period between summer Microcystis dominated population and the development
of the winter diatom pulse is refected in the biochromes extracted from

this mixed population.

The onset of destratification is accompanied by

the development of a mixture of coccoid Chlorophyceae, cryptomonads
and centric diatoms.

These organisms tend to be extensively pigmented

which results in elevated chlorophyll values.

The shade adapted

response of these organisms produces nearly vertical profiles of

chlorophyll-a while minor stratification remains in abundance distribution.
It should be noted that the patterns of oxygen concentration more closely

equal the chlorophyll-a's distribution than abundance.

Although oxygen

evolution has not been measured, a relationship can be assumed between
the concentration of the photosynthetic enzyme chlorophyll-a and
primary productivity.

The collapse of the phytoplankton population

in December and January is clearly evident from the chlorophyll data.

However, with the development of the Cyclotella - Cryptomonad winter

complex the chlorophyll concentrations increase.

These organisms are

well adapted to limited insolation and low temperatures.

Superimposed

on these winter assemblages in February and March are isolated populations

with limited distribution.

Synura, a golden brown, developed near the

surface at HPT, WTR, and FCK resulting in an intense but localized
concentration of chlorophyll-a.
The summer phytoplankton assemblage typically contains reduced

quantities of chlorophyll-b as a result of the lower abundance of
green algae.

The reduction was previously noted during Phase I.

August, euglenoids and colonies of coccoid green algae appear in
conjuction with the Microcystic-Oscillatoria-Spirulina blue-green
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In

complex.

These chlorophyll-b bearing organism are first observed in

the upper streams before the travel down stream and enter the transition
zone in an interflow.

The movement of these chlorophyll-b type organism

is clearly evident from the August distribution diagrams in Fig. 11.

The

generalized fragmentation of the green components of the phytoplankton

into isolated island during the autumnal transition is easily detectable
via the biochrome technique.

Scattered islands of this pigment were

collected throughout the period of succession from the late summer
assemblage until the winter phytoplankton minimum.

The early return of

Scenedesmus, Crucigenia, Anhistrodesmus, Gonium and other chlorophycean
plankters was detected by the presence of chlorophyll-b in the War

Eagle Creek in February.

The underflow movement and expansion of this

population is traceable into March.

The Spaciotemporal distribution

of the biochrome chlorophyll-b is confirmed by the enumeration data.

Both of these methods establish that the green phytoplankters have a
biomodal distribution; one peak occurring in the spring with the

development of a flagellated and coccoid chlorophycean components, and

a late summer peak resulting from an increase in the abundance of

euglenoids and colonial coccoid green algae.

The concentrations

observed in the spring during the Phase I study, 14.9 mg/1, was

superceded by localized concentration of 23.8 mg/1 at WWK during late
»

August.

The former was an indication of a colonial coccoid green

population and the later resulted from a metalimmetic stratum of a

mixed population unicellular and colonial Chlorophyceae.
The Spaciotemporal distribution of Chlorophyll-c, illustrated in
Fig. 12, reflects the abundance of the golden-brown, cryptomonad and

diatom plankters.

The latter two taxa are more widely distributed
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Figure 11.

Spaciotemporal Distribution of the Biochrome Chlorophyll b (ug/l)
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Figure 12.

Spaciotemporal Distribution of the Biochrome Chlorophyll c (ug/l)
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while the golden browns tend to develop into descrete temporary populations.
In late July and early August two chlorophyll-c containing floras develop.

One at the upper White River stations, ANG-WTR, which included cryptomonad
assemblage composed of Cryptomonas erosa and Chroomonas acuta.

populations were observed in War Eagle Creek.

Similar

The other occurred in the

true lake region of the reservoir, PCK, in which the pennate diatoms
Synedra ulna and S. acus were the principle components.

intermingle

These two flora

in the upper 10 meters near the WWK station.

At this station

a deep population of the filamentous centric diatom Melosira granulata
was collected.

These populations were displaced by the influx of new

water containing cryptomonads on 20 August.

This flora disappeared

from the system by early September except for remenant representatives
at WEC, near the surface at WTR-FCK and as new underflow at ANG.

This

new population expanded to occupy the total stream and the upper portion
of the transition zone.

Creek.

A similar development was observed in War Eagle

A localized Melosira granulata population produced the biochrome

increase at 11 m at PCK.

The October - November profiles reflect the

interdigitated distribution of centric diatoms, primarily Cyclotella
spp. and Melosira granulata, and cryptomonads.

The centric diatom

dramatically decrease in abundance during December and January while
a reduced number of Cryptomonae and Chroomonas remain.

These Chlorophyll-c

containing plankters increase in numbers in early spring to become the

dominants of the winter-summer transition.

In February the golden brown

alga, Synura petersenii develop in numbers significant enough to elevate

the Chlorophyll-c concentrations within the 0-5 M layer in both of the
feeder streams.

The Spaciotemporal distribution of those taxa which contain specific

chlorophylls is reflected in the patterns produced by the plotting values
derived from biochrome analysis.

As previously shown the concentration of

the photosynthetic pigments can be used to estimate abundance of the standing

crop and primary production potential.

This research and that previously

conducted by the writer (Meyer, 1971 and 1974) suggests that the taxonomic

composition of the phytoplankton population also can be described by

biochrome techniques.

The structure and spacio-temporal distribution of

the phytoplanktonic flora and its abundance are indicators of an
aquatic ecosystem trophic status.

Seasonal, localized and permanent changes

in status can be assessed by this technique.

Thus the biochrome

analytical procedure provides a protocol by which vertical, horizontal and
seasonal levels of production, densities of the standing crop and phytoplankton

composition can be estimated.

These data are applicable in determining trophic

status, population dynamics, succession of assemblages and the impace of
various physicochemical parameters.

A further analysis of the data should

provide a direct conversion of the biochrome concentration of various
assemblages into population density.
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Appendix I

Beaver Lake Physicochemical Data

These data are arranged by date.
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Appendix II

Beaver Lake Algae Data

The cells per leter are arranged by Station and depth for each
sample date.

The data are arrayed into taxonomic groups and summations

are presented for biochrome sets.

The Chlorophyceae are assigned to 1,000 species codes while the
Euglenophyceae, Conjugatophyceae, Cyanophyceae, Chrysophyceae, Bacil

lariophyceae, Cryptophyceae and Dinophyceae are assigned 2,000, 3,000,

4,000, 5,000, 6,000, 7,000 and 8,000 respectively.
All of the organism include the biochrome chlorophyll-a and related
to the "total" abundance of cells.

The "1+2+3" thousands includes the

abundance of those cells which contain the biochrome chlorophyll-b.

Similarily, those cells containing the biochrome Chlorophyll-c are
expressed in the summation of species groups "5+6+7+8" thousand.
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